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Background: Depression is a common complication after stroke and has been as-
sociated with poor outcome. Thus, it is of great importance to identify potential
biomarkers that can aid in predicting and detecting patients with stroke at high
risk of poststroke depression (PSD) development. Previous studies showed that
brain-derived neurotrophic factor (BDNF) had potential use as a biomarker for
discriminating patients with stroke at high risk of PSD. However, the results were
inconsistent. Methods: A meta-analysis was performed to evaluate the correla-
tion between the peripheral BDNF levels and the development of PSD in the acute
stage of stroke. Results: Data were obtained from 4 studies including 499 pa-
tients with stroke. Among them, 171 patients were diagnosed with PSD at follow-
ups. Our results showed that patients with stroke who were predisposed to
developing PSD had significantly lower serum BDNF concentrations at the early
stage of stroke. Conclusions: This study suggests a potential association between
circulating BDNF concentrations at admission and subsequent PSD develop-
ment, and provides additional support for the involvement of BDNF in the PSD
development. Key Words: Poststroke depression—BDNF—biomarker—meta-analysis.
© 2017 National Stroke Association. Published by Elsevier Inc. All rights reserved.

Introduction

Stroke is a common condition causing serious person-
al, family, and social burden. Stroke survivors are more
predisposed to developing depression. A recent meta-
analysis of 61 cohorts including 25,488 subjects showed

that 31% of the patients suffered from depression at any
time point up to 5 years after stroke.1 Poststroke depres-
sion (PSD) not only significantly affects the quality of life
of stroke survivors but also induces poor rehabilitation
outcome and increases mortality and risk of stroke
recurrence.2,3 Accordingly, early identification and man-
agement of patients with stroke at high risk of developing
PSD is important. However, it may be difficult to rec-
ognize PSD due to cognitive, language, and functional
dysfunction in patients with stroke. Additionally, the patho-
genesis of PSD remains unclear, and there are no objective
methods for the diagnosis of PSD. Therefore, it may be
of great significance to identify biomarkers present in the
early stage of stroke that could aid in predicting and de-
tecting patients who will develop PSD.4

Regarding the importance of brain-derived neuro-
trophic factor (BDNF) in the onset and development of
depression,5,6 previous studies have explored the corre-
lation between peripheral BDNF level and the development
of PSD in the acute period of stroke.7-9 However, the results
were inconsistent. The relationship between BDNF level
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and PSD development needs to be further evaluated.
Hence, this meta-analysis was conducted to evaluate the
association between BDNF level at the early stage of stroke
and subsequent risk of PSD development, and provide
evidence for the prevention of PSD.

Methods

This meta-analysis was performed according to the rec-
ommended guidelines of the Preferred Reporting Items
of System Review and Meta-Analysis (PRISMA) statement.10

Two reviewers (Y.H.X., Y.H.) independently performed
the literature search and screening, data extraction, and
quality assessment. Any disagreements were resolved
through consensus, and a third reviewer (J.W.) was con-
sulted if an agreement was not reached.

Data Sources and Searches

A comprehensive literature search was performed to
identify relevant studies that reported the relationship
between peripheral BDNF concentration at the early stage
of stroke and subsequent PSD development. The follow-
ing databases including Embase, PubMed, Cochrane Central
Register of Controlled Trials (CENTRAL), and PsycINFO
(via EBSCO) were used to search the studies published
in English. Additionally, we searched China Biology
Medical (CBM), China National Knowledge Infrastruc-
ture (CNKI), and Wanfang databases for publications in
Chinese. Embase was first searched, and subsequent search
strategies were derived from the Embase strategy and
adapted for each database. The search strategy used in
Embase was provided in the Supplementary material
(Table S1). The retrieval time was limited from incep-
tion to April 27, 2017. The reference lists of the included
studies were reviewed to avoid omitting relevant citations.

Study Selection

Studies satisfying the following criteria were in-
cluded: (1) observational studies investigating the
association between the plasma or serum BDNF level at
the early stage of stroke and subsequent PSD develop-
ment; (2) adult patients with stroke diagnosed clinically
and imagistic (computed tomography or magnetic res-
onance imaging); (3) depression diagnosis after stroke as
confirmed by either Diagnostic and Statistical Manual of
Mental Disorders criteria or a validated rating scale for
depression; (4) published in English or Chinese lan-
guage. Studies were excluded by meeting one of the
following criteria: (1) duplicated studies; (2) conference
abstracts and dissertations; (3) review articles or case
reports; (4) patients with a history of any concomitant
psychiatric illnesses; (5) patient with severe concomi-
tant physical disease or central nervous system disorders,
such as Parkinson disease, brain tumors, and multiple

sclerosis. (6) Data from the published results could not
be extracted and analyzed.

Data Extraction and Quality Assessment

Data were extracted and recorded in a specially de-
signed form, including key items for all eligible studies,
such as first author, year of publication, sample size, gender,
mean age, BDNF level, sample type, detection method,
time interval between stroke onset and admission, sample
collection time, follow-up duration, and method for de-
pression diagnosis. For data that could not be directly
retrieved, good faith efforts were applied to obtain
the data by contacting the author through e-mails. The
Newcastle–Ottawa scale criteria were used to assess the
quality of each study.11

Data Synthesis

All the meta-analyses were conducted using Review
Manager 5.3 (Cochrane Collaboration, Oxford, UK). The
standard mean difference (SMD) was used to compare
continuous variables. P values less than .05 were deemed
statistically significant. All results were reported with 95%
confidence intervals (CIs). If the mean or standard de-
viation of BDNF level could not be directly obtained from
studies, we estimated the mean and deviation from the
sample size, median, range, or interquartile range.12,13 When
data were presented in graphical form only, data values
were estimated using the Engauge Digitizer.14 The ex-
tracted data were included only if 2 reviewers
independently had the same result.

Statistical heterogeneity between studies was as-
sessed using the chi-square test with significance set at
P value less than .10, and heterogeneity was quantified
using the I2 statistic. The random effect model was used
to evaluate the pooled estimates. To explore the source
of heterogeneity, sensitivity analysis was conducted to eval-
uate the key studies, which have substantial impact on
the between-study heterogeneity according to the pro-
posed algorithm.15

Results

The electronic literature search resulted in 633 refer-
ences. According to the aforementioned criteria, 4 studies
were pooled in this meta-analysis.7-9,16 The flowchart of
study selection is presented in Figure 1. Overall, a total
of 499 patients with stroke were enrolled for follow-up,
and 171 patients were diagnosed with PSD at follow-
ups. The main characteristics of recruited studies are shown
in Table 1. All studies were evaluated by Newcastle–
Ottawa scale, and showed good qualities with a score
of more than or equal to 6 stars.

Duo to the high heterogeneity (P < .00001, I2 = 96%), the
random effect model was used. The result of meta-
analysis demonstrated that serum levels of BDNF were
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